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(57)Abstract: 



PROBLEM TO BE SOLVED: To provide a method capable of precisely 
grasping a floor reaction force acting on a leg body of a two leg walking 
and moving body such as a man and a moment acting on a joint of the 
leg body on real time by a comparatively simple method. 
SOLUTION: Whether a movement condition of the leg body 2 is in a 
single leg support condition or a both leg support condition is 
determined, and a floor reaction force F acting on the leg body 2 in 
contact with the ground is inferred based on a movement equation of 
center of gravity GO of the two leg walking and moving body 1 when the 
movement condition of the leg body 2 is in the single leg support 
condition. When the movement condition is in the both leg support 
condition, floor reaction forces Fr, Ff acting on respective leg bodies 2 
are inferred based on the movement equation of the center of gravity 
GO of the two leg walking and moving body 1 and a relational equation 
between components of the floor reaction forces Fr, Ff of each leg body 
2 and a position of an ankle part 1 2 of each leg body 2 for the center of 
gravity GO of the two leg walking and moving body 1. 
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muctsH S«ras®fi3E©(HBtt#«K* C ©/<:*>> Hi) 20 
WZZ. 0*0. Wft©StbR^cJ:6-r(c. ffiKJ: 

< *s^^««-r s c 4#-c# So 

[0 0 3 2] **W©flcS*i65e&ffirB. HMia 

PW*±CC»W»©H9BWS*^ L T^f#2 ft/£fj{fc©l!3 
M®SF «5 ©TgC©±T^©flniiiS*ltI'J-r 

iriaStl *f- miieP(*©Tg|5©±T 
^|fiJ©ttiaS*sft 6*> C»5£*fc0f3£©W4ifeLh«:±S 
l/fcNpKBWBWUKRptta^lHter * 4#K.»SMUIPX 30 

^s«©w*(cf¥ffl-rsiwa«s*©fiBeflWJ*63&» 

DJ&^«>fc^©HffiJi<T.tC(STL/cB#CcffiriBW«l^^F 

[0033] tftb%, -&&'imm#<D&mm 

B$) CC. BP#©j|IHm^WN£^flBA>6Pifl^K 

*©Tg|5©±T^[Sj©JJDiSa (±fr£©ft]>iSQ **-b# 
#j«:ga^c;*;£&fc©4&£, > fbr. c©^«. N 40 
f*©ffe©Sittmc«HI8cctt£i;&t>. W&© 

— *©w«c©atj*ab{^T^^tisc t-c. -?■© 

r. jja©j:5Ki*<*©j»»«a8**flK-r*ct-c. m 

tcff sct^r**. c©»*. JNlX&Rtt4PIII£ 
«M««i-cattife©itt**s*©atsEii©imi*ft 

i*lfc^©^ffi©ffia*««>*C4a*'CS4. 50 
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m*©S Wm©4Wr©^«MC)£Bft Pi*©TgC©±T 

^©»DiSg«. fluwwt*©T»(cinaK-te>iJ-* 

[0 0341 S, AP^©«fc B5taP^^MW{*(Cfl5 

w&* ft L-cmmz internet. &m®±ia!mmc*i 

S'jTSJM»©T§u©±T^rfi]©»nas«. fjiaKgp©± 
T^[fij©»nasr<5€.c t#»at*4. 

[0 0 3 5] *fc. #»Jj©J*K2rffB£2rt£-Ct*. Mia 
I2Xf-; 7 , -C^S^tf^86ft©fi'C>©(4S-^S[fi'^© 

a^©^©#s=&fflt»<bc<t*ioj^-c*4 

A*. *©Jc5tt#j56«C«t»3. Sfi'C^fiS^^Efi'^©^ 

[oo36]«b^. Bufapw^±(csw^©aaw© 
4tjsiwBac» f BSBffl©'e*i-€ , n©JBftftffii. Huta— 

JSaM¥»IM*©*60> 0«E>3e*fc»(WS©WI2l6«ffi* 

x.. firiam2X7 : --y 7'-c«. iwfa»fc©<it4ftJK4. m 

IBMI«fi5RWttMB5©*n-€ , ti©fflftftflttv mffa-J£ 

*tf»iii#«:a»©W(*©jiiS(*i iyr«i/rac*w# 
> **f\>u4 , >f *7 s JU©S0iH*cc^i£;'r 

-5 ~ J£*tf««!l^©#H«f*ffiSSP©* 6*> 
*<b. *W«effl^S|.{c*jW4»IWftffla»©*6*>C» 

5jc«5fcs^©(4gi ccs-^# . manuitc^-r sroia 
rja^tf s*ft©s*©fika*«'>c*«> * <t *«c . *© 
fi^cttff©^^^- * Ka-3*gsasgjs«:^-r 
s^©ttjjts[*^x^*. -e©s^(c?t-r s**^© 
ttiatt <t . m a^Mffi»^ cc*j w 5 Rffi&£©inaug t 
* e> «B»«ffi«»-c©ajEa*c»©j!iiiaiK**a>* . 
[ o o 3 7 ] ^jeaMfSttftccttstcSttjA 

*Se*/c 4 If . IHBMUC^r -5 "S^f «»^©S^ 
©{4S«. fiHa. P(*4. S«!t*©flSregeA^6^Hg5(c 

©^$4«iK4. ^rag5Rorat5©-en-en©!SfflftS 
tf^Sb^c^urBtrta^u^f ^xjw 

tf^^<*©i^lWi*©flSraip©±li]©g|5^ (Ef*€:a 

4. SHil«^l^gl5(C*5WSg[H!lftffl^aJ©*^©{4g 
tt«lfcMfttl!£flM>ttB) 4. ±ia©^l$M«4U:»-^ 

c»r«f3B«!i^{c»r&-ja*tf«ifc*©**©ffi«* 
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f^k©{iE©2IEe$5Mi£OT##6tt£o fi£oT, 

t . ®mm&<Dim& t (o^mams. t o x h n s 

[0 03 8] C©*S£. ±&©J: SterjBjMrOT&tt© 

sp^tcax o #wfc»ia£-fe >^©-ir >tf©a^jtc «fc n 

^gp©fi-i>©(igB . * 6 *p 0 e&tHB^Etc J: OftiS^" & 
[ 0 0 3 9 ] U->X . zlS^f^Kifttctb^^M^iz 20 

'Cv©aa-t>ttSiS«: r;u * ^ ArsaccjGffl-r s c «t 

[0040] C©«fc 5 KZJE**ff*ttflHD**©{Sa«> 

*vc«r»*c<!:#w»c**. c*itc«fcft« v friaie*« 

■fe >^©-fe >-9-*P(*(C^«-r -5 C t #-c# -Ste*. 
fT£BM*©*fctf ttfNDffl>(c«: £<£5 * 30 

[004 1] ifc, ARSJOiMt. BulEMW{*«:a5rei5 

sfcJt>(cfflc^Hifiapf*©M$4fta«. MiajggPRoia 
r. 1$K:c©t§^. mrtaw&y >^ir;Ht. mrians 
^MtmeflWiBRH»©iffl©*H»£ . Mfasgs^ . 

teMg|J©±ffliJ{C|f-r^milBS9g|5*^tf±*g|5<t?:^n^ 40 

mwtti t>tsifc*fji/-c*i, c & aware* a. 

[0 04 2] cftk: J:fitt\ #{czi^tfSS!)*^AP H 1 
-C*S*§£K:. ^©^©{ig-^JJOilffiSrSffiKcfc < ffifi 
^Ci^tt, CK>TB. I*5#©*i5efl©fllffi*» 

[0043]^. ±i«©J: ^tcHftaottfSffla^j^^ir 

ia»m*tc>pfr -s -a^f^86(*©s-c^©{ig?r*&s 
Jtftcct*. B>rie^3xf ->7-r-«. 
iw*©i!ijia4$s^{£©{£g£*&& c if, —s^mm 
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£ tcebic&WJ;'* 9 > - * It. 8«taSiSI*©i93c 

kb. ig)i(*©i«*4^e (Mftwresv&cj'MV** 
r s »£-e . so£#sK3i:ecs&g s nx^ tm&tcu. 
smssmmmns.) t. &Mtt©iRiHSRam&©j& 

iccs-^^r. ««.^cc*t-r-5.&wf$©^gp[a©fiis 

£##SC<!:#niJfjg-e*S,, 
[ 0 0 4 4 ] ^fC. * J6W©~JSi^f 

J: 0S^C*«&fclWiBSW*K:«*J«5*©«5EI§*ffli» 

#IMI|©M©*-y>h«B££Fffitt. IWaiWM*±K:«. 
Wtt©)15M«P ; &/M/-C^$ : h/c)Pft©<S*4fte<?:mrfa 
&H#04>tt< £4>|g«|giiRtfJ$IW®©*n^ft©IIffi 

la - a*ff *£»&©* 6 *> D*>5£*>fc»»jS© w 

wmm<r> -e n-en©® a ft s <t fiia— s^tf ^si*?: a 

. 8Mf* > f ^& ^©swfttcw tef ^~ a 
*ff ^«j<*©sraftta^g)5©ffii4ft K*a^*«> & * t- 

sa5©*6^D«!!>#»/cm^©{4gicca-^#. B«ias 

©s-c»©finjia <t Mta^ffis^tcfcw & mzwm&<» 
ADiSSi 6»te*fMS^cc*j^ 5SBd»taasi5©s^x 
<Dmmm.&mx*ib sxf-^i, HuiasRiimB^gR© 
«HftK©^R9Uf E - * {c*-3# &wfl**sai©iMjna 
^ ^ f- v 7' 4 . ffi t a— s^tf ®m&<Dmw 
tm$itvx<D&mft<D*Mm<D®.&ft&t. mmw<D 

g^i^s^f v yt ?t<ia . f)fa^s*©}iSffi 
*>w -5»s09ma^gp©s>^©flniiigSi>*igrofttB^a5© 

*iW •&ISP3!|{*tB^gr»©*> 6*^ D*^?fi!)!rcfi^©{4gi: . 
Si«(*ffi^gi5©*6^D*3j<a?)fc«tt*-^ > h i^rffl 

t»r mijsj^j^* ?Mcm-?z ffi ta -jg^ff &mi*<D&m 

&<D'ptt < £ fe— 3©BBffl(Cf^ffl-r**-^ > h ?rfiS 
■?2>CtZ%rmt?&i><DX'iSr>2>. 
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&M&<Di&.mBRvmmB ©-e- n^txom * n s <t - s 

n-etiiHWf s x f «itfc i # tc «. -en e 
**»-cw-M-rs!iM««e<. g/c. HjieCT** u > i> 

W*. -£#fT^Sft&©B4>©{ig^£3fc#6 

m^tcmw <) > t^f^tm— ©ran* v^f^f^^. 

ffirti«J:«r». 10 

[oo46] j^s*^©^*-^ > i- jtgr#&r 

^gP©M£ i . SMttffiiflKc teW 6 lgfW*tl^SB©S 

«»«:*jws»PiK«ia»©fi[ae) <t. ±fa©&ra&tB 

JSjSKWT SSW{*fl^SP©S'C>©tiniIS«. ttft&O 
fiS©^^-^- * *» 6*CiI3 nSI»l>©{4B© 2 pg 

«5Mt£L"c#*>&*i*. tot, mfia^^ffiSSKifc 

[0047] 3 6ct. t5iaspm*tasgp©Mt4fta©B# 30 

5f a>6ftai s KMMftS© 2 m^m t o 
r. ^ra(*ffl^si5©fttt]jia[*^i!!)P ( n^o 

[0 04 8 ] £tc, *IH»?8#*©*PSK:j:<aK. — S 

k. »w»©ssrssK3*r4ttjw«E©ass*fpffl^©ffi 

g«. «rErjS*fT»»*©W!{*ffl^aiJ4L-C©SII# 
ftflti. JBW©©J8*«0t±©5 5©^fc< 
[ 0 0 4 9 ] * or. ±i£©J: 5 «c-jaaMr£iM*©& 

H«*fflSsiJ©*«c«©J!naffi. feraiwa^spoftttiais. 
fl^f¥fflj*i©«3eta[B**«>fc i * . Bufatftg^Jftjg 
*tt«c«fc0 5i«)6nsBia5*©«3eiiifln*-c. -ene, 

•5c£*»rs*. c©fl«6*T- ! e'5 s ^tcas-3<*ffi«. 

©ffl,cx©3feiias&{ci«Tsaib^sct. i£Wf*tBS9s 50 
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©IsllaiSiJ (fl&fflKMfm3fl^4>©BQ4>B1Ea 

sb) icmnmmum^t^m^'cmwjiy^^r^cD 
>h*)«s^f¥ffl.*{cj;0jai»t©*>e>)i#5c*» 

rc»<fe©-C*4. WMfflttSBfrr***. Wx{fSI»lft*5 
ttf*-C*.S£'Ofc«te. &W<*©TB!8P©S4>©&3iiI 

wfttcfffflfsflcs^jcjitjefi. TBas©M©tt*» 

jwh*. 3mc KHiflKottnecc^-r-snsfs 
*<b. t*ffii(*©Tiisi5©fttt]iafii. mm&omfx.M'p 

awcfcw 5&Tnas©S'£»©{4a;Ro'&TKSB©-* -r x 

(S3) CCfFtoif'-fflt. BET«a$©Mtt J &-->'> 

h©«ii. «triiaj©«»fftit©tti%SETiia5©@iK 
M©©* - ^ > h £it5rr * c <t #*-e * * . 

[0 05 0] $ fc, &«fc©;*M8B©*<fr©afejtjIS!>fc: 

Rir4a«i^«cc, ifc*cegi5©ft^©»njss. ig«<* 

©BSHfflFCCftffl-r SHIRKS AliiSI5©Sfi©<ii<fc£SS 
ffitiCir. »JW«E©KiafflSK:fpfflr-5B8»JS**«« 

3 6«c. mm&comMBRvwMBic^ti^tiftm 

(S3) K^to-sr-ffili. K^J2gP©«tt*-^> 

[0051] 3&>3&>4*«w©wffli*->> mtje*ffi«: 

cfctU*. «rjfi©*»W©«cS*«l3£*ffi(cJ:«)**6ti 
> h *mi£.-f ^> c i tc <fc 0 . -s*Mf»»*{clt«W^: 

[0052] 

[»»©**©«»] **w©-3«ii»»*iWBia 1 afe 
[0053] rs«fii(*i ur©A 

[0 0 5 4 ] ^2CC«SC'ftOr^TJ:'5(C. AH lit. 
^©^(S^A^'J-r^t. ^*-?t©W#2, 2i, Jggp 

2, 2©^ti^nic£a-*f©flswgi5 8, 8^/ro-ca 

5©Sa3P4(i. SgSB3 <D_hffliJ«:tea§SP 3 tc>t=t A^ 1 

©fr^WJ(c«i4"Jfi6«c??i/r(,»-5. -ei^-c. C©«aSP4 
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<D±.m<Dttnmufribtiitin . lAm&zti. assise 
4 <o±mmam 6 #£t$ <? n r <, > 4 . 

[00 55 ]&«<*2, 2B. jaH»8*»6iifiE"rS* 
BSmi9 S^IS»9©$te«*>6I*KISil OSrrt-UTii 

a-r^respi thsji i©iwa»tc. a 

[0056 ] *ji*t*«rc«. c©j: ^tt«us*wr s 

BBffil ORCfflftHWB 8 teffffl-r h©JSse*tT 10 
-5fc&tc, iX©«fc^<caa*AlffliK:(Bs«orc»*. 
[0057 ] -Ttj:t>%, P^5©J8JSU4K:« 1 B&g|54<D 
Mftccft -5 A jsatcft GfcttWj**6£-r 5 i? +■ -f a -fe > 
tl4 («T. BjSPy* 4cHz>-tf-l 4<H>5) <!:. 869 

st54 ©«if^(Sj©ttias{cit»i; fctij^i*^i-r -s Mia 

t. CPU rah Ra^^e»^$ti4^»MS^gi 6 

vmmtm&Mi Qmrnmaa^yfj 1 7 <t 

#SS#3ftT(,>-5= c©*§£. Cft6©ff&gp>>Wci-te 

>tu, wwwa*naut-fe>-9- 1 5 . mn-^mmm 1 20 

ffS^^f'J 1 7B. Wx.tfiagP4Ka^0^c>-^;u 
1 8(cqx^3*a. ^iR^gpttl 8 **H,TIMB4 tc— (* 

[ 0 0 5 8 ] fgj. $ug|5jjn3iJK-fe>iJ- 1 5©w^* 5 ^-rtti 

jSa». ctOI*L/<«. jagP4©*¥»rM*(Sl (ffijSP4 

0 2©^MS^©xiA7?i^) -e©flnjEa-e£>& 

!RgP3*£t,>ttJfaSB4rti|Sil:;£|6] (02©lfi*fffi£{ 30 

far-cjrajsai&s., 

[005 9 ] * fc. «B&5 ©KSB3 KB. ©MM 
■9-2 0 (WT, )g|g|5B«if*»aS-fe>1*-2 0 t^*j) t. 

mas 3 ©±T*(Si©»iiaccto o tcthj]*ft£-r zmm 

S-fe>1f2 1 (fcTF. KSP±T»naJK-b>1t2 1 tl> 40 

•5) 0^L^c^^h^©ii^©^/i-Lr-(* 

[0060] CCT. BMgPBuftttiaS42>-9- 20B. 
*^P»fM*(Sl (fiSS|53©«M><ti6£-f.&:/jft> -C<Dm'& 

^©^la^tfctoir $/c, RstJbT 

r©±T75-rsi©»n3SS (cn«jsgPH>rftJja3SS-fe>^2 

4. i*. SIgC9uftttlSlg-fe>-9-2 0 &OW8l$JbT»]jSfi 50 
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•b>-9-2 ib, =M$L<ommm*>-v-tc£ 

f& 2 ftfc i> <D~C * o -c h J: t,>„ 

[0 06 1 ] 3 6CC«W(*2©RHfiS8&g|flasi Oi 
«CB. -en-e4a©fflflftSA0c. A0c*clc;,D/ctH;ft£ 
%^4)l5ragi5ftS[-b>-9-2 2RO'fl*l3ag5fta-fe>1f 2 
SAi^Snrt^,, ffi. flSKfflSftS-b>-9-22CCOC> 

tb, m2-cu^mm (Amiomyst^m^^x^m) 

©W(*2©«aMg58(C^*54flSrag5ftaH2>-9-2 2©^ 

A^mSf-i-ct^s^ ffcfrffl'J (Arai©B?^"^rS]A^-c 

2Effi'I) ©»*2©JKW»8 0Ctt. ^B5(IJ©)ISraii5fta-b 
>y-2 2tm>blC. B5Mgiifta-ir>^2 2*s$l»5n-C 

[0 0 6 2 ] cn^©ftK-fe>^2 2. 2 3(1 mZ-l* 

2ccs^o^t^^> FaJM^©#©*/rut^#3n-c 
cct, §H5Mi5fta-fe>-9-2 2^ar^®ft 

SB 9 i©^W^*«Bf^©^KI^ (C^^BAPa 1 ©it 
ffieiMHB© J: 9 MSP 3 ©f*-C> t AISSP 9 ©«m> t *J 

Sf>3lC*t?2>&m»2CD*:m$l9<DmffiB8M<<) (xm 
1 ©2E*i^[Sl«C*iW SBSKSj 8 ©^L>|51 0 ) CDIHHtfta 
r*4. SSlR|g5fta-fe>-9-2 3*s^ffiTS® 

fflftgA0d«. SW<*2©AJiiSg|59<bTlia51 li® 
5fi»««*i»f3e©s6»|!!l» < tf AB5SP 9 ©tt^i T 

^*»*<i:L//c. AMgP9tC*ttSTESg|5l 1 ©J&Mgp 
10 00 (AM 1 ©££#ftfc::foW£iJ;|!8g5 1 0 ©*C» 

©mtefts-c*4„ 

[ 0 0 6 3 ] frtfiS-fe >1tl 4 , 15, 19~23 

[0064] mrie9iff«»$« 1 6 b. m 3 k^-t «fc ^ 

6B. Jfg|5±T*naa-fe>^2 lC^ffix-f i. 
•T.2))*S^!t^^©3 6tC«fcf3 5}5«)6nfc&»(*2©)* 

^©ft^fiio^-^i^ffl^r, AP H li©W*2, 2 

0Wi«ltt«3&**iP3C»tt» (SI (a) ©i«B) -C£>£ 
*\ PflKOtttM (01 (b) ©t*3S) "Cfti*>«r«»f 

-r*w#aft*ii»#S2 4*«irt>s. *fc. «sc*a 
a«gi 6B. narafrsanaR-fe^i 5ao t «i»^+ 

-<D-fe>-9 1 4©^ffi7 J -^^rfflli-C. Kg|54©*e>tt^ 

«*Cf«:*jw*«^ftffi0 a (*«*J«:BWA«l9ia^r 

*4ftait»j#is2 5t, R«a9f»aiaK-fe>-!>-2 

©*B»ffi«*C ftctet^MMftSe b (AftsfcjtCBfll *. 

Bisia^rifiuc^-rsfuwftae bu 12#d ^itS'i-r 
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[0065] s 6tc. amiem&a. i 6 «. mspfrtstt 

i$g[-fe>-t'-2 0RCf)gg|J±TftniiS-t2>^2 l©tfctHr 

- * ^ffirssKas«»4A aitiS'j^© 2 6 tc «t 0 thus nfc 
«»3©«**ftS0b©? s -*i*flH»-c. *xtfti$tt 

tcfc t* 5 AR8 1 <mm& £ 0 r 0 2 fc ^iT J: 5 JcKSIS 3 
fcRJ£3ft4JH*ffi**Cp (i2©x zffiH) ONUS 

o©«s»aaR3ficftctet'ti»ij»tt (ifejtftiaa) a.= 

T (a 0 x. a 0 z)£*»6S«Jjnjiatt#'J#S2 7 £Cfx 

A.tfAIBl©te6©IHMfi!S8. 8 ©■€-n-e<n©ct>'D£*g 10 
A«©*^*J1^0iL. ftBift#ffl*z«fc&ffl. AHl 
©gr*«C|Sj*^*¥^(6j*x«^|fij<!:Lfc^^ (314 

©*iai*««rfiaift*tffi«»CfiiBi-fl!)ffi«ufi) -c*5. 

[00 6 6] *fc. &*«a£8 1 6 «. §W#2©HS 
MgpftS-b>-^2 2&CflfflJM5fcK-fe>-!»-2 3<D&HJr 

- $ <t . mnmmmmn&mi^m 2 6 tc <t 3 © 

«4M0bOf-$i^t, *6*h£«*CfK:*»tf 
£&JWf*2©AI»9&t>'TfiI3|3 1 1 ©^n^n©ffi$4 

ftKflc 0 0, H2#flK) #»SIW*ifc»#tti*&2 8 20 

[0 0 6 7] *fc. ifllMgi&K 1 6 « v itufaB&SBflSI4 
fcaSttt#S2 5. )ggPffl$4ftKW-«'J*©2 6RO-)Wf* 

*»*a*a2 8icj;of#en^»)ia(gi54©<ai4ftg0 

a, KSIJ3O«l4ft«0b. &t>'{C&Wf*2©AIBS|59© 

or. f^a?©H(*'j>4'' : ef r ;nc*ti£:-r2.Alffli ©g-ffl 

f*tB^a5©a-^©<4g (»u< nm&m*mmmcttc 

- * > r . JJBJKHMW C ptc *$ W * ARB 1 ©£ 
{*©fi^©firg**sb^#*S^{4M»a^lS:3 Ot. 
-5-© AS 1 ©£&©*<l>G0 (m 1 #KS. WT, #ffcfi<C> 
GD£C»9) ©as©^-f <fcMIBW«J^mW*l82 8 

(cj;^w^2©A!igB9Ro £ Tig§Pi 1 ©-en^en© 

2 ©#SIH5{4 <t L T©&)»* 2 ©SmSB 1 2 © 
JHMfcfrGOfcft-r&tMl <»0<«. Mse^; (5) k*j 

WSAXf. AZf. AXr, AZr) £jfcis&Sfii^giS 
tti*R3 1£. S5I3#(*S^eg#W*S3 0KJ:S# 40 

«*&©&■© * £ m&mmmmg.stm^&2 7 cc 

<fc S JKtiKWR C p© Jll* O ©MS a „ © ^ - * <t £ ffl 

'(ax, a 2 )CH 1 #JR) 4#»*#tt»MSna5B«lH* 
S3 2<!:«r<f^rc^. 
[0 0 6 8 ] S 6(C vSS^S^g 1 6«> mfieSSPS 
<i>{ig|fLtH3M52 9 CCfc&AKI 1 ©S-PWftffiSSP©^ 
©<ig (!¥(/< HJ«*2te«M3*PJW**BS»©*'&©ti 
B> ©f-'- * & jwiaS*»*iiRH-«'J#K2 7 tc «fc £JH* 
^«^Cp©M*0©JjnjISa,©7 ; -^<b5rffl(,»r*6*t 50 
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mm&c «c*w 2 ©Aiasu 9 rctfii» 1 1 
©■eti^n©fi*©»paa (ftitflnag) 
saMinau£jjttu*a3 3i. Btriew^^i±i*m2 8 
K<fc s&i«if*2 ©Aesp9 roths* 1 1 ©-en-en© 

W4«W«s2. 2©ycB»9SCJ t TB»l 1 ©ftftHUS 
**«)4«l»SSPftttIilS*Ul*a3 4t, ffllBMttiS 
2 8 «:£ 9 «<t> 5 ft S ABBSP 9 ©«Mft & 6» 
c^, |ijl2)^ragpftia-fe>-9-2 3(Cj;0ti-«'J3n^.lKM 

gffi oofflfiftSAedtD-r-^^ffli^r^urc^ 
&«pc*2 ©jsRs^ffl^i©taar*«se-r sflcs^ftffl.^ 

[0 06 9] «»Mffiiig i 6 «. mia#f*s<i> 
flniiastH^e 3 2 (c<t ^wm^omms. &<d?-z 
£«r«fi*tifflsjwti*«3 1 ec «t ss»f*2 ©s*sp 1 
2 ©#(*S4>cc*f -r i> (is© r - * tmwsMwmn^m 

*S 2 4 K J: * W(* 2 ©S«)«»©«»r*gm©^ : - * i 

*ffl^TSW»2tcf¥ffl-rsj*JS*©Jiffifii**A5J* 

f*SSPftl3lK» W^P5 3 3 tc <fc S 2 © AiiSP 9 S. 

oTiisp i i ©^^©jjnjia©^- f i w^gpftjna 
a&m^© 3 4ccj:& swft 2 ©Anas 9 rotusc 1 
1 ©ftttiiia© ^ ijERs*fpra^ii5E#a 3 5 «c <t 
sflcs^f^fflMiwwBtflai©^- f t«nBj»»»»»a 

^©2 8(Cj:^S«If*2©Aiig|59SO*TIi8a51 l©-e 

(Dmmm 1 ovu&wmstz K-en-en^ffl-rs*-^ > 
s„ 

[ 0 0 7 0 ] ^ccc. ±.mo>mw-%mgiW; l 6 ©s^s© 

[0 07 1 ] *JS»»J»-C«. «?d^«AP^ 1 *^tf^© 

«n*2©a«j*tf ^tc^L/r. mw»2, 2zmm2n 
tcvtm-emffl&mmm 1 6 ©^no&usisu -f 
SA-r^i, s?agcMaiigi 6tc<j:-5>^a*^^©-9- 
-r * AstcwT^^-r-s-i: 5 tcjg&ufT ?n. 
§Wf*2 (cfPffl-rs*s^©««ffl^A^x**6n 

[0 07 2] ttefr*,. *r. iHWMS^g 16B. mf 

iaw(*«ib*iiif^©2 4©^a*ntTf c©Wf*« 
ttflSr^lS: 2 4 ©Mffi-c« . fria-tf w f ^ $ a ^mc . 

BfliBI^SB±T»iia-fe>-9-2 1 KJ:SBgg|5 3©±(Sj#77 
[SlWflnjia©^^^- 5?^&6^Da?)^J?>/£:0fS©^fii 
£Jt«Sn*. ^U, ttAtitft©«Utf^-e©H{B« 
a^fci^K. HufE0l (b) tC7nL/cJ;^feMW3t^ 
t««3&*HW&0. fi-^>. WfaHl (a) Cciftl»fc«fc3tt# 

w^m^^T-rsiWW^n?,,, -r^cn^. Arai 
<Dmfvmc . mwsf#t^^6pw^t*;ei^©^f © 

BCC«. *EJWJ©»tt2*s*fl5-r£C£-C. flSMg58© 



(11) 1*H1 2 0 0 3 - 8 9 0 8 3 

19 20 

ifi&©!i8P 3 kb. ««±isj z tcmm*% scflnjiis * 4 *>rw 3 (Dm&ft&e a. e> b&titKJ: < w-m-j- zct 

£T S„ c©fcA, ffltBRlttXftbffflr^g2 4B. ±ifi [0 07 6] %*&g£8 1 6 «. mrfaWft'^ 

<D<fc -5CClggi5±TJ(njiaH2>-t 2 1 (Cj:.2>IIgg&3©±[pl mb3M82 8®^&ttKSttft]&&3hll¥&2 7©M 

<tr. Mw^i«ig©^^s.j>-^ws}#«s<D^7*w coo77] wifsmmsmm^«t2 siczzmm-e 

mrz. b. m»ss^cfcc*jw?,&w^2<DAiisgi59scrF 

[007 3] W(*at!)i'J»f*®2 4©&a-c« 1 Mgpi i©fS£4ftKec. ed<t6ia#isi«:*t-rsH*4ft 

w»3aftt»c«RR*JBe#R3 5«c«fc»)ajasr&j:^ is. h2*jrd jwotbim* -ya^k*©^^ 

ic^e>n/c^w»2, zozti'etiicim-rzmixt) 10 *?>6ft£,> sw*2 © amsp 9 commas 0 

Ff, Fr(01 (b) #M) ©fliSfit©^. APb1©j1 cB. ^©W(*2 (c^»3nr^-5B>fieflSIWgi5ftS-b> 

fT*iaiK:*ri/raW<0»flE2«:«SeSS*F r='(Fr 17-2 2KJ:£J8Mg5 8©JSftftfiA0c©t&ttif : --£© 

x, F rz)©tttSfil (l¥G< i*ftff«lE&a 1 6©mj[5|© ^lalffli. HuiSHgBffi£4#KItffl'l3M82 5 CC<fc9*«>6 

•y^^;l-^^A-C*5!)6nfc)5RS^Fr<D*eMfil = V"CF tiyfcK»3©«*4ftffi0b©^@lii*»6yc* ( 8 ) «c 

rx'+Frz 2 )) tf&erfP Ctf>;©6/cBFr^©gHiI (Bg TO J J: 9 HW S ft*. 

©iE©ffi) ittlxStt*. ^L/-C. &m%.J]F rClim [0 07 8] 0c=9b+A0c (6> 

U<DWMfflfi*<mWilTK.l&TUtc±*K.. P3»3:f3 [0 07 9] CCt, llgS&3©i«£WK6> bB. RB«S 

t#S#**7 mo^M^^*5^^-r S tmWiZ ft 3©±«gB#TffiBP<i: 9 fc AIM 1 ©flttfffJteSfeSttJS <fc 

(86. wowm-ci*. mw2<DMfflKi&<Dtj}mtm iKmMK3WimfflbicMt,ximi''ci.*&m&c*. 

B. HWXm*;»C*»). t>rti3&>-*©||«c2K:ffS 20 ©filiftS «>©-<?* 9. JKB5g58©JIfflftg:AecB. 

j5RS*©«etiB*s±iainst(jiT«:fiT^'S * r«. amsp9 ©TiaawAia 1 ©i»#flH«:^& us «* 9 «c* 

*&WBr#82 4«, «tf*2©atttt^Pflft$ftft!B Hge#B*3©N'Ci>tc*l' ur«i4Urc^«^«:iE© 

[0074] ±&©J: 5 <iW*««)*IWr*a2 4 ©^S [0 08 0] $ SW<*2 ©TffiBSfl 1 1 ©MS4ftS 

•b&tfb'C. SUISSE 1 6 B. ttlie^gPMMftiait OdB. ±fa©<fc -5K##6ftfcAiBg|59©flSMftffie c 

C©*#^. J»SB«$4ft Siting 2 5©*&a -te>-if-2 3<c«fc&ttNflfl 0 (DlftMA 9 dO^tUf 

-cb. laspiui^ttijis-fe^iM 5Romsp^+-f -^©^-iiifst*^^ (7) &c<£<3mtj3ft&. 

■9-1 4^6-€-*l-enA^3nSiaSP4©fI^rS]©}]njI [0 08 1 ] 0d=0c-A0d (7) 

is. iagi54©ft^is©^m7 :: -^^6. mm*}>^-7>y 30 [0082] cct, mmBi o©JsftftjKB, thbsp 

^;U5r©«Hffl4ffli>fciaai©*j56KJ:*). *fe*f&*H*C 1 1 #AJffi8P9©filM>K:*f L/-CteAffilg|J9©WfflflBK:« 

fK*j»SI6jg|J4©«*4ftSea)!»sffir^1f-/i'^*-YAS £4brc>&i^clE©fflt &&*>©-?£>&,, 

{c^x**64i^. iushc. Msu«»4fte[itjw^2 5 [ o o 8 3 ] *fc. HufaK?ntt]jiSH-i'J*is 2 7 ©aaa 

OMftt. HISPBU&flnilfi-fe 2 0 &C*JH»S? + W TB. WIB»(*ffifS3fiC p©JB^[0©te»ffi«»C «C*s 

P-b>-tfl 9Ai6^n-enA^^tlS^3©B?^rS] W*ttiaflta.= T Ca.x. a,z) #:&©<£ 5fC;£tf>£ft 

©JMiSg, «»3©ftafl[<Otftmf s -*3&»6. #Jl»v> 6. f^cft^. WfBKSI5B«{M]iISiz>if2 0KJ;£R 

7 ^^^©Ma?rffl^r^M^crtc*jw^MgP3 gpsofitr^rsioJjn^So^Ui^-^o^lsHii^ap. mr 

©ffiM#K0b#j££#at>6ft£,, CCt, *6*t0l8lifi iei!SSP±TttIiIS-fe>if2 HCJ:SJI§P3©±T^© 

c«c*iW4iiaj4aD t »»3©-eti-eti©<iw*ftK0 /jujiKo&tti^-^o^iaiiii^aqi-r&i, -efte>©t& 

a. 3WIEiS»»r«WjLtflfifi^ <K**I«*I) 40 tB^-^ap, aqi. Mfaigg|5<Si4ftaitS'J#l3 2 5K<fc 

■KjttrifUMftffit?**. f)*J664T.fcfl||gl53©l««4AS0b©4-15|[ili^6. * 

[0 0 7 5 ] ft. fllxB^ WP-te>-tH 4. 1 9&C<fc ^ ( 8 ) K. J: *) ij&tfJlMSiCfKfcW&ttlilKa. = T (a„ 

3©<«Mfta^^-i)C<i:^prt6-c&i>*5, [0084] 

©i-5(C*;P-7>7 ^ Jb$©Saa^fflt^ci-C. ISSP* 

a, = T (a« x, ao z) 

= T (ap • cos 9 to- aq • sind b, ap • sin0 b+aq • cos6> b- g ) 

(8) 

[0085] iunnim^m. 1 6 b, Buiassua'C* v > z^r^&m^-c, mumtw^^c^^i za 

iimWtii^2 9©55S^»f «TKi^t401(* 50 Pal 1 ©SP3!lf*ta^gP©ffi^©fig (#(*^«SCp©If, 
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[008 6] 04tC7n-rJ:5K:. *3EtWB»rflH»*W 
f*-;>f *-rJUR«. Alffll^. #W*2<DABiSB9(c 

R2<t. jgaP3(cta^-<r&»!f*R3i. miBMSB4. w& 

7. 7&c>'Slg{56££frt!-ifcgB#3 8 (fcTF. ±{*SP3 
8iC^) KtBSt-£RW*R4<h£ftteLTft&&©<!: L 
T^-r?>*7 r Jl'-C*€>» C©i£^. Srai»RliB|l|^R3 

£©ii*£gp. i^fc, sp3WRi<tBH<*R2i©^sp^-e 

ft-enJ8Mgii8. BRffil OKfiSTS. £/c. BB»R3 10 
i H«*R4<!: ®£ttfl.K Rtf 3 K S MS 4 ©<$»;£* 
SP3 9T?*S. 

[0087]ftT, *3SW&»-rtt. C©<fc 5 ttMtt 
y >**f : ;uR©&P«&Ri~R4fc*ff&-rSAra l <omw 

tB^SP (&W(*2©*MSI59RtfTJlISPl 1. MSP 3. 
±{$SP3 8) (O-C-tl-CtlOfibGL G2, G3. G4©SBi)ffc 

[00 8 8] cct. at*&ii£a i 6 cciatst«J*or 

<,>£&ra&tB^8B©fi'l>Gl. G2. G3, G4©[4g&i. 20 

«sH3»«c*turH5ELfcS«*r©fiair*i. c© 

t&£, SWmg^gPCS^Gl, G2. G3. G4©{£g£S|-f 

5*-* tor. mat. &mmm^o-m»ovm<D 

•5. JWhWfctt. WiUiEKCtTiVr.fcSK. &AMS159 
©S'lXn/D&gl*. SAI2SII9 ©J&W8B 8 ©<$M>rt»6A 
HSIJ8©tt-C*iaj{CEIBIti<0fi[S. &T1HSP1 1 ©«4> 
G2©(4g«. RTHSP1 1©KM8p1 0«Df»<Cw&»6TI! 

an i©«M>*iAKcentt2«>fi![itii/'c*3n. -en 6 

©K8ttl, t2©<B**&6*>Dto#»6ftT«lf*0 ! S£|g 30 

3. G4©&gcc phut 

[008 9]^. _h(*g|33 8©fi^G4©(4g«. JS^fC 
tt. gLh&8P3 8tcd*ft-SR*7. 7©«>#©f5iP* 
#fT»*«c*JWS&ISf*7. 7tt. -MtcJSiSP 
4©!*4>{c#LTttiftfa&<iBIW&«c&3©-e < _hf*SP 
3 8©s^G4©(4g«3«i^«i-a-r, 

tttBKctoW •5Jbf#SP3 8 ©fi4>G4©<£g£ iilJIU— i % 

•So 

[0 09 0] *fc. *JSNJIMrc!S> SW(*tS^g|5 (S 40 
»(*2©AI13IJ9S0>*TMSP1 I. KSP3 . ±<*333 
8) ©fi<l>Gl, G2. G3. G4©<£g£f|-f ^-^©{fe. § 

HKttBsas©**©* 1 - * *B«*ffl3a.©if 4 x© 
ir-* (FUxtig^ta^ws^©^-^) 

[ 0 0 9 1 ] ft. TKiaP 1 1 ©ffifitt. £¥SP 1 3 £^ 

(c * 6 D at>5dti£Sf$ L /c >? It . StiJ3?«c J: 0 
Tfe^tfeJ;!,^, Arai©#S^(*fi^6. Affl<D¥- 50 
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C>„ -MIC. ±l2§|iiMffctB^SP©fi'l>Cl, G2. G3. G4© 

-e©tBHK^(cSrJ^r. AP^©#sso'f*fi© 

f-^lfih. ±l2SBI(*tB^gP©fi'^Gl, G2. G3. G4© 

[0092] mrie#8Bffi<i>fi^to^2 9 ±a?© 

ttf'J^&2 6«:£*)-£ft-eft#&^ft/c»g&4©ffl$4ft 
K0a ( = _b(*SP3 8©«#4ftg) RO'iai3©iltt 
KflbO^Hfili. B«iffl«H*^StW#©2 8CC4:05J? 
^6n/c#W(*2©ABigC9RJ>*TBia51 1 ©^-ft^ft 
©«£4ftg6>c, 0d©4-lHlfflt^6. H9S3CClI£3ti 

/tjiWSo*wr*#«fffi«*cp (I40x zffiS) v 

©•SBfltttB^©*'!^ G2. G3. G4©&g£5j?i&S 0 
[009 3 ] C©*§£. &i4f*tB^SP (&Wf*2©AHl 
§P9&0'TIIgPl 1. HSP3. ±<*3P3 8) ©<l£4ftK 

ea^eciAsiaioiocc^enrc^©^. ^<Dmm 
ftgea-ed©f--^i, &prami^gp©-9--i'x©f ; 

*BSg|5©fi4>Gl. G2. G3. G4©{5g*5^^^^ c 1 1 

[0 09 4] M(*WCC«, W*.tfH4*#J(&0-C. |5j^ 
4©£JBiJ(C{4g-T'5.)fflIi*2CCPaL. AESC9 ©#{*ffi« 
»Cp{c*i»*«»Kia (zf47?(Sltc*t-r^,M*4ftS) 
«6>c(C©JS'^ > H4-C«0c<O-C*S) -C$>-5>© 

t\ #(*j^«3ficp«:*jw ^Aiigpg ©a^ci©{5g© 

(tl-sin0c, -tl-cos0c) tUZ>. $.tc x 

TBI95 1 1 <D»t$mmmc pictevt&m&nmz e <j (0 

4fttfld<0) -C&S©-:?. #<*ffi«^Cp{C*>W^,T 
JISP1 1 ©S^G2©(4a©ffi««, AiSS|59©S3*L 
ci-T-Si. (Lc- sin0 c+t2 • sine d, -Lc-cos0c 
-t2 -cosed) i&S. ffe©)Wft2©AiB369Sc>*Tll 
SPl ljfeO'K, )RSP3Rc>"±(*a53 8©S^(C-D^T4> 

[0095] coi^KiL.r. &gpm4>tiamm^©2 

1. G2. G3. C4©fiai*5R8t)?fc«. iUff^SSIS 1 6 
«. Bffia#(*fi^[4a»Ui^S 3 0©®S»fU. SK« 
(*tB^gP©S'C'Gl. G2. G3. G4©{£g©-r-£<!;. Si? 

fwissp©**©^- ^ i zm^-cM#mumc pick 

WSAP B 11©##S^G0©{4g (xq, zq) 
[009 6] CCT, #[*^^Cp«C*5WSHISl53© 
fi^GSCfigSO'fifi^^-n-en (x3. z3) . m3. Ji(* 
g(53 8©S*G4©{igRc>*fig ; Sr-?-#l-en (x4, z4) . 
m4, ATS 1 ©Bu^K(S]^ -C^iM©W{* 2 ©AJBBSI5 9 © 

a^Gi©fiiaso*fifi^:-e-n-en (xm zil) , miL. 
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|3lW(*2 ©TBiSSB 1 1 ©tt^O&g&tfmffi^r-eft^ 
ft (x2L, z2L) . m2L. :&flII|©W(*2 ©AI1SIS9 ©fi4>G 
lOliKRO'fiS^-eft-^ft (xlR, zlR) . mlR. PJWft 
2©TffiBgPl 1 ©^^©{ig&c/ffig^ft^ft (x2 
R, Z2R) . m2R. ARfl 1 ©tfcffi^M ( = mlL+ m2L+ mlR+ * 

xg= (itttL • xlL+mlR • XlR+m2L • x2L+m2R • x2R 

+ m3 • x3+ m4 • x4) /M 
zq= (mlL • zlL+mlR • zlR+m2L • z2L+m2R • z2R 
+ m3 • z3+ m4 • z4) /M 



*m2R+m3+m4) tT-Sxt. *^SSCp{C*iW4AM 1 
©#(*ffi'l>G0©(4S (xq, zq) te-XX. (9) ICJ:«)*#> 
6*1-5.. 
[0097] 



(9) 



[0098] c<b£*>icis r #f*fi'iM£SliWI§: 3 o 
©*ys***TLfc». se.fc, $*«agiK 1 6 ». 15 
ia#(*fi'CvflniEK»:w^K 3 2 ©*aa<t . friasirfitg 

[0 09 9 ] C©*§^, #(**<l>flnaKI?fcH*K3 2© 

JHti^S 3 0 K J: 0 *»6n2.#f*lSIC pJCfcW £ 
#{*m^C0©&g (xq, zq) ©I^JBBJf 8 - * *fflt»"C. 
^^SCptC*jW-S*^fi:^G0©iag (xq zq) © 

•5>#<*fi4>GO©Jjnagr (rf xq/dt 2 , rf zq/dt* )#Jj?it> 

eft*, fir, cc/jnagr^xq/dt'. d'zq/dt*) 
i . 15 nmmm asi t®j^© 2 7 k 9 e. ft #f* 

ffi»3RC p©IS^iO©lfi»ffi«3ftC «c*jw s ttiaKa. = 
T (a„x, a„z) t<D-^t> h^M*te?>CiK<J;f) . *ft*f 
ffiMftC S#*S^C0©ttBIS a = T (ax. az)# 

3j<#>£>ft&„ 

[0100] £/c. i»iBS«r<M*w*£3 1 ©aaa-e 
s-r, ffirfaiai(*^mi±i^i32 8tcj:«)^6nfc 
swf*2©A8SgB9RoTiigpi 1 ©-eft-eft©«£4ft 

^JiS 2 6 iC i 0 h tltctm 3 ©ffi$4# IS 0 b© 7 s - 
^CD^IeifiSi . teAB8SP9S:0'TSSg|51 \<r>VAX (ft 

3) ©^-^i^e.. Kiie^gi5fi^(4g#ui*a2 9© 
£&m*2©js«asi 2©{ig 5 !>5#i S t>i=,ft&. ji(*im<: 

«. i4 4#Itt, l5l04©2nffliKcfil!-r-5Wft2CC 
ML. TiSSiSl l©fi3 (jgHffl 0©d3^6J£ltgP 

2©{£g©a«l (xl2. zl2) «. (Lc- sin 
0c+Ld- sin^d, - Lc • cos0 c- Ld • cos0 d) 
UIU 04T-tt0c<O. 0d<O)„ ftfj^©Wlft2«C 

[0101] -eCT. C©S«gBl 2©JHfcatSifcCp 

«cfcw*{4« (xi2. zi2> tffiiz$kwm>b\mM-\b^wt. 

3 0 (C cfc 0 *ft6.nfcJSM*ffi«*CpK*itf 4#tt«H>C 
0©fiig (xq. zq) <D?— $<D£f^<fcb.iPh > Jtftfi'k 
G0(C>Ft-r-SSW<*:2©J£lrSPl 2<D{5Mr<t> h (xl2 
-xq, zl2-zq) , "T^Cft^. ifufa^ (5) (CfcWSA 
Xf, AZf, AXr, AZ r#Jj?tf>6ft&„ 

[ o i o 2 ] y«c. sig&imt i 6 «. wsa*s*« 



10 5&Ng3 6©&9&;&©.t:9ic£iT-r&. -i-fctos. C 

-r * ;u * -f a v mm ^ n/c wf* 2 ©xibtttB*s#tt£& 
t^r-*-sis^ccw, ap^ i©f*SMRt>'fi^»pasg 
©fit (cti6«*6^D*?n^a^gi 6(ciais^n 
n^) t. mrfa#i*fi^»naa#m^S:3 2(c<fci)* 
&> h txtd&ttmi&m c fic *$ w 4 #i*fi-c»Go©»nas a 

= T (ax, az)©^-[HfiI£a>6. BuiaS (2) CCfc«J. 
*glfcbTl>£W{*2(tftHfflTr£*Jx#F= T (Fx, Fz) 
©«5£ffi###>6ft-5>. ft, C©*§£. #ttttM©Nft 
20 2 (iS»fM©)»*2) {Cf¥ffl-T4J5RS*». T (0, 0) 

[0103] * fc. »ttjUfrHIK^& 2 4 CC <fc 0 4-H© 
tJ" ^ ;U jr A -C«»r S tltcffltt 2 ©Stttt^^MW^ 

g i . Wia#ftfi'^flnMK#tb^lS: 3 2 tc J: () 3j<& e, *i 

to«»ai«3ftc ftc*jw^#i**^Go©jraasa = 7 (a 

x, az)©^@IBis miieSlr{4g»ffi*IS3 1 

enfcswi* 2 ©sirgp 1 2 ©##£4>Go«:*rr •£> 

{JgC^Pffl©^- ^ (^ (5) ©AXf, AZf. AX 
30 r, AZKDf-5!04@tt) mTte^ (5) fCj: 

<0. &Wf*2«©*J£2)Ff= T (Ffx, Ffz). Fr= 
T (Frx. F rz)©JiSffi##«>6n£.> 

[0104] ?sm«iass 1 6 a. ±a?© <t *> ts. 

^©3 2. J£lr{vi§»ta^©3 1. &OTRJK*jft3t*S 
3 6 ©MS t ^ff L/ -C . iifr §HW#&8BftliIKirHJ3M2 3 

3. w{*&3aft»Daiasai#iS3 4, SKS^fm-sras 

[0105] C©H^. 8IT8Bn»#flSftaSftl|tffi^et3 

40 3©saa-c{i, H5fia#«*^flojiK»Hi^©3 2©A!ia 

g»U5#© 2 9 (C J; <) 6n^#(*@l«^C pKfcW 
•SSP(*2©PM(*tISair*^,AeSP9Ran r Bigl51 1 

©S'^ci, G2©{4g©^n-en©B^?ij7 :: -$ ; 5:fflt<^ 

t, *»jS«3fiCp{C48WS^IiaiJ9&crFI«»l 1© 

fi^vca. G2©fis© j en^ n©2pgss^fii, tts.t>%, 

mWWmJh C pCc *s w ^ AS2SP 9 RO'TIISgC 1 1 ©fi'C^G 

x c2©-en-en©ttjjiffi (#«bss»cp©jb^io{c» 
50 ast. «5ia»iiftiaeita'i^®2 7{cj:sMgiJ3©ffi 



(14) 
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tt&SjfcCrtCfcWS/rajlfta.^a.x. a,z) t<D^i> 

tt. l^jift©*^&«^CfK:fett&iI«li&#) 
[oioejjfc. mii3»p{*&^ftJiniIftllfcH^I33 4 

2 8 CC J; 0 h tl i> &m# 2 ©AUSIS 9 & CTFffiB 

lot, sjE^HWQRcrFiiapi i©^-n-en<«£Wft io 
0 c e>d©2Pg{S(^ffl. -r&*5*i. AE^9;&trF!issp 

[0 10 7] *fc, *KafBBj*EitiJ£*«3 5<D^S-C 

«. JgttoLTi,>£j»i(*2tt:-x>r. efl*.fcCiiusBJRitf^i& 

fUti^StZ 8fc,£9#&6tt/cAIISl59©i«£WK0c 

*6tifcffli«M»{ciirj(,»raEjwft2 oair» i 2 
p.. KW<*2©£¥an 3 ©flaR^ftffljS (S¥§pi 3 

&) 'MD^ * h ;U (SmSP 1 2 K$tT£J*JK#fm*© 20 

» u r 2 © ajsbsb 9 ©«i4« is 0 <&mm 1 

0 ©JStiWftA 0 d» . SsRAfMWSt £ JtRWH* «c*b 

tfAPal 1 ©aflWCCgV -5 J: 5«c^:ll»9 3&s»*3 ©«*C» 
tc»U-C«*fl/ri»*i* <W*.»;fla2©AI8ll©tt*' 
tCf&j^-,r»J©W<$2) ©ftft-c*o. JE©fSM£K 
0 c» . M # 2 ifi Am 1 ©mTffl'Kc??-r & <fc 5 «c AJBSgB 9 
#JKSB 3 ©IfrfcCcaf L TfSI.4 b-COSiif ( 09* tf0 2 

©APbI 1 ©M^-«:^o-caEffliJ©W^2 ) ©ftftr$> 
S2 8 te «t 0 3fc«>6*lfc*liai 9 ©MI4flft 0 c©^m 

ifii©RS»> **«>ri,>&. 

[0110] CCT, MS Rtfm 6 <D AHSP9 
©«$4ftft 0 c*s@/hfil*^otaK|18^-C«. A18SP9 

©ffii4ft e 0 ovn— c* o r t> mm ft 0 c©*4>«« so 
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*S»M»©*ti£*. Aff8gP9©«i4ftft0c*iiE-C*4 
»l©tB (15T«a l©ffl. 06-Cttb l©ffi) <b. 
AK8S|J9©ffl$4ftK0c3!»sm-C. fio. AMa59©<8£4 
ftg0c©^bjSft l HP*. AI8gP9©«i4ftaft*5^ 
-C&&SI2©*! (H5-C«a2©ffi. i6tttb2© 
W i> AB2§|59©ffl$4ftft0c*ift-C. So. AI53P 
9©fg*4ftiIft#J£-C$>£l$3©tB (i5ttta3© 
ffl. H6r«b 3©tB) iCCEftU m&Mtmg.^ f 

hJU©x«i^r[6jfiS^. ztt^(6ifiS^©-en-etiicou 

fc 0 05©taMKI^C*>Ht^l*icfcO'^2©tBa 1 . 
a 2 *£frtttttB©j4<US;«. ^JS^ffffl,^^ h^© 
Xf4^fpl^?rpxi0-C. 

px^x, • ©d+xj • 0c'+x 3 • 0c 4 + x, • 0c 3 +x 5 • 
ed+x, • 0c+x, 

iC^lf$©6^©^S;KI^ Ur^x^tmmm) KiO 
ikZtiZ. H5©tBB5M^(c*}WSm3©tBa 3 

©jfifHsm. 

px=x, • ©C'+Xs • dc'+xt, • 0c'+x„ • 0c+x 12 
[OllMSfc, HeofflBBWaJciJitSSHJsJcat 

»2©ffibi, b 2£-git>iitcm<Dmmiz. msjjft 

p z= z. • 0 c 6 + z, • 0 c 5 + z, • ec' + z, • 0 c 3 + z s • 
dd+zt ■ 0c+z, 

ii,^i©6^«Sli <z 1 ~*ttJ8Ktt) ccfcO 
©ifi<K^«. Wittf 

pz=z, • 0c 3 + z, • 0c J +z lo • 0C+Z,, 

[0112] -g-LT. flaR^ffl^^ hJU**«>SHI 
«. AlfilgP9©«S4ftS0c©iE*^iSiSiJ-rS<!:ittC. 
AMSP9 ©fflMftft 0 cCB^iJf 1 - ^ ©-«*#T?» 

a$n^Aiia59©«t4ftaft©iE* ; Sr^i]-r^. 3 6 
(c cn6©ia^J$n/cffii4^ft0c©iEm<tM*4fta 
s©iEm <t *« p>^ai'©ffl«:#-r or . mm 

ftA-rsciKio^jg^fms^ b^mmti. 
cnccj: 0 . Aiisi59©itg#4ftft0 c<om>imx<om 

to 1 1 3] ft. ^mmm-cit. w»2©A8i8a59© 
M$4^ft 0 ct mmjjftmg.^ tv^t ©fflwwis^^ 



(15) 
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[oi i4] sfc. a^ftw&otftw*. staurc* 

*»«*2©IBa«51 0©JBlftAflti©fflB8ttt*»J. A 
H»9©«»ftffi0c©ttfc»>(c. gM65Dgfe>ir2 

it. ^dBa59©«»flR0ci»HBl 0©«ittftBEA 
Odi©W#*ffli>r. v»^5Kj:»)«S*ftffl^l© io 

[oi is] ? 6cc, abb i tm^c&h t 

&B<tfl*MgB 1 O©ISftft@[A0d<b©fffl(C07 (W? 

l/v W«*±*t*^»T*i*tt. HSK*ff«iS©tM 
i^i!3l59©«^ftS0ci©ffl{c09 (KgLfcO 

fld*»6H7. 0 8©fflMK^«:S-^U-C)*S^fm^ 20 

^dH»9©«Mflaec*»6iao. a 1 o©*bmho&{c 

fljR^fffflME©ffl«%«l3e-C* s. 
[0 1 16] ±IB©*n<flcJS*fPflBMi©ti«*«l3eOft:* 

r ( in • ajX, ith • a, z)- T (F t x— F , x, F t z— F 2 z— m, 
t9>£tc, T (F,x, F,z) = T (FxX-m, • ajx, FtZ-nt 



30 



[0119] cct\ Tffissp 1 1 ©*^G2©ttiaa T (^ 

x, ct z)« . iitifeWtt&asfinjllKflHJ^IS 3 3 (c J: 0 * 
tf>6ft£ &©-?&£„ 3:7c, TJBiSPl l©5tffigP©£lr 
SP1 2fc^ffl^-SMffiS^ T (F 1 x 1 F,z)tt, iffifHflswc 

3 6 ec «fc 0 6 n &fcm.t><Dwm.mt<tm u i ». 

LroSiSKtt, Kg55^) T (F 1 x, F lZ )Si. fjias*. 
(2) CtiO^^n^S^^Fx. Fz) f£W 
«c2*tj»W«(©IW*:"C**t*tCtt. T (F lX , F lZ ) = r 

CO, ore**. *fc. SW^firaKteut, iWf* 
2 *s AM 1 ©jtfT*l^Hti^f{ci^^o-cfMiJ©Wf*-C*.-S 
4*«ctt. Mges* T (F 1 x, f iZ )». Htries;(5)© 

mS^ r (Frx. Frz)-C*0. tflMn©M*-C& 

st^fcii, Mitt (5) ©^s^'cFfx, Ffz) -r* 
So 

[0120] fct, £Mft2©ttMfl. 1 OKfpffl-r4385 

I«2 * a 2 =M,— Mi+FjX - t2' • cos© d- F, z • t2' 
+ FjX- t2 • cos0d-F,z 

M, — >\ — Ic 2 • <* 2 + F, x • t2' -cos0d-F a z 
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S3M33 7©««*3gtT tt> S«H*2©)g?KHP 1 OR 

33. w{*sscftjjnasmt«*©3 4, ^s^fm^.it 
jj*»6ft>\:f s --*©-^@tt*m»'r> mmmmti^T" 
©SBWftfflsaBojfejtJisftccwr ass^n^t wmM 

So 

[0117] 36JCI^»C«, 0 1 1 S#MUt, * 
"T. **M*2©TII»1 TUSH l©5fei^gt5 

©SWSiSl 2«Cff«r** <IW»JR*) . TMSP 1 1© 
jgHfltl OOgfl^KfWTS* (M8pS^) . SCTFJHS 

gpi i©*-c<2©aiaifti3iit?r. *n-en«s»ffi«jftc 

rtCfc^-SR^ftSBfCfcor^ r (F,x, F,z). '(F,x, 
F,z), '(^x, a^z).!;^^ ISTIiigPl 1 ©Sfi^m, 
-So C©4#. TUgm l©*^G2©Mil«S!l«:MT-5 

« ( 1 0 ) iA^So 

[0 1 18] 

g) 

c^z-itij • g) 
(10) 

^Mgp^ T CF,x. F lZ )«. Wf*&S«IgirEH^JS3 
3 tc J; 0 6 n/cTUSP 1 1 ©fi'l>G2©filljig T (a 
2X, 82 z)©f-"- $ 4 . W5#J#^fa3 6tcJ:f)2K«>6 
n-5J*S* ( = T (F 1 x, F lZ )) (Of-Ht. TMSP1 

lo&e^Dsib^jiCienfcafinh©^-^^. s^jjjnis 
Sg©ffl4*»6. ±ia^;(io) tcio^to^n-So 
[0121] *fc. a 1 1 *#jmor. Tiagpi i©5t 

oSa5©SlTg|51 2<<C\%m?h*:~~Jy h^M,. TfliSB 
1 l©fl,Kfii5 1 0©2|5^CfPffl-rS*-^> h*M,. 
TISoC 1 1 ©fi^WlslfJWiatt^-^O h^Lj. T 

fc. B>riBii4(c>ftic;$-a-r. tuspi i©a^G2i»^ 

1 0(Dtp,bt<Dffl<D$zMZt2. TESSPl l©fi^G24 

swan 2 4©ra©^§f ; &t2' ( = Ld-t2) 
tmsc 1 1 ©*'&G2©@ •? ©[5]$i«i!i(cBi]-r zmii-ftm 
sa*. yea (1 1) 4&S0 

[0122] 

- sin^d 
t2 • sin0d 



40 15 



t2' 



+ F,x- t2 • cosed-F,z- t2 



sin0d 
sin<3d 

•••• (11) 



(16) 
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[0123] CCT. 5$ ( 1 1 ) 4K7M&:t. I5l5£ ( 1 

i) icfat>hTm&\ i zMWz^^xmum. 
fchftm&tm^gt 3 5 tc «fc d *»p>n^«s^fPffl* 
^i'h^i. i*Wf*2ccoc^rmrie^s^li^©3 6 

mtaW<*SSBftftnaSStil^©3 4(Cj;0*«>6nST 

»W^m2 8KJ:0*fe6n^T)li8gPl 1 ©ttMftflTC 

T (F,x, F,z)tt. mfj£©iI9. 10 

^*S3 eic£K>&#>t>tiz>mm.t><Dimmv$>z>. s 
6cc, '(^x, f,z)W. ftfriass do) fcj:i3^d?)e,n 

Sfc©-C&£. Sfc. Mtt*-^>hi,ttTH3l$l 1 

[0i2 4]«£oT. i&Mgisi occftMB-rs^-^t- 
* h jKDf 1 -* <t, WH*§gMJjnitJffilim3M£3 4 (c J; * 
T (F 3 x, F 3 z) = r (F I x-m 1 • a lX . 
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^W>2 8«Cj:aTHWl 1 ©f£t;4#Ke> d©ir-* i. 

tufas do) cc ct <o *J5e>n/cnggBS^ T cf, x. f, z) 

(D^-fi. *6^G*^*/cTaSPl l©«tt*-^ 
>hl 0I . VAX (Ld) . ItC^OtigCtZ)©^-*.!: 

^e.H?fBS; (11) it&nyt&hinz* 

[0125] Mg5*-^> h««#©3 7«, ±IB©J: 
SKOTTHSIJl lCDKHipl 0©a5^(C^fflf^*- 
y > m ^-oSHiMli ^©^acc «fc o 

T. AlilS|59<DKM©8©giJ^K:fPffl-r5*-^>h* 
C<DMS©S*M^#^.*«. 0©* 

[0126] -T fc*><5. *f, AIig(S9©S4>Gl (04 
*Jffi) ©Miiaitt«:Wr€ > 3H(>*«jSKS-^<^ ( i 
2 ) (filB^ (10) 4HC»©S) KJ: 0 . AHiaR9 

©as^igp8©gi5^cf^Tsrag0s^ T (F 3 x, f jZ )*s^ 

[0127] 
F 2 z— • a,z— nk • g) 

(12) 

* [0129] 2a>-C. ^a2g|59©fi^Gl©|5]D©lHliK« 

tt«:M-r*«ft*SSi:«:*-tJ< *s ( l 3 ) (fuias 
(11) iPID^©S) K«fc«3. ^Mg|19©flSKg58© 

[0130] 



[0 128] CCT, '(F.x, F 2 z)W. 5fetCHUiaS; 
(10) K<fcOJje«>ftJ*Hffil 0©WttK#r*S. $ 
/c. T (a lX , a,z)t*. «rffi«fteaW*tt*m*S3 3 

fc j; o Jt<* 6 n s a-jisb 9 (Dm^GKDmnwm^ c «c 

Dft#«>fc*Ha$9©MJt gUW3lW&mx&Z>» * 

Mi = M -Is, • a, + F 2 x • tl' • cos0 c-Fj z • tl' • sin0c 
+ F 3 x • tl • cos 9 c- Fj z • tl • sin0 c 

(13) 

[0131] c ct\ M2», SufBS; (1 l ) 3Etf «. WAtfAISI l ©^tfSrfifBnr^i 



WcilSl 0©*->>h, T (F,x F^fct. ffi 

tes; ( i o ) <,c£K>&#>ibtitcmmm 1 o©rag5JS*. 

T (F 3 x, F 3 z)«> lffllES < 1 2> JcJ:»>jR«>&ftfcJK 
Hggp8©MgpJS^, 1*1 ». *6^CJst)**fcA8ii|59 
©»1>G1©IH 0 ©tStt^r - J > h . ct, ttM!SW<*&as 
ftttiaS»W^IS3 4 (C J: K> ^466n^AIiSP9 ©ftflO 

as. e dm&vmmm&m&mz 8 kj; o^^en 

-SASlg|59©iai4ftK-C*-2.o *fc. tli*, fl5HS58© 
*'C^^^:!iiai59©a^GlS-C©^ (S4#I) , t 40 
l' M\ mm&l 0©tp^35>6AiK»9©^C>Gl*-C© 
SSSS (04t?«Lc-ti) r&O. cn^(i, $>t>frWb 
&&tcM'bGl<D{iM J P*:m$ilQC>V-'{X (S3) 
$S &©-?*£. 

[0132] «jjfti«Lfc«iffl*«. i»sa«#«rai6« 1 

r •S^S*-^, SWft 2 ©UsMiiS 1 0 RVKnflS 8 (C ft 

[0 133]^. #W«»'?©i£«&ttWtt«"S , *"'5 
7&5, ^?*P>n)tMKgi5 1 O^B5MS5 8©*-^> h©« 50 



[0134] gtf£Ofcft*«i]l&Kl 6©^SI(Cj;i55}< 

*6n/c«jS7i©iis«i (i^L/<«. m*f3.j]<Dffizm 
<D$&ttm) (Dmmmtcom^m 1 2 ~a 1 4«:isk-c 

WSt 5 . S fc . ?S» ^IIM^S! 1 6 ©MS^c J; «3 6 
tifcHIWgp 1 0 RMSMgp 8 ©* - ^ > h ©«Sffi©« 
B^-fbcftl^H 1 5Cc|feSt?tW^-r-&. cct, 01 
2MH 5«. l^Hfe^iiii— SjilSr^tfO 
/ci©-^©^)m. S 1 3 it AfS 1 *spt©=fe*ff Wem^tc 

msoMni. m 1 4«a^ 1 ^e^-jc^o/ctfc^^^s: 

^±*SofcJS^-©W^-C*5. C©tg^, §12-il 

wti5 1 0 Ro'Hswgp 8 ©*-^ > h zmmbtcttsm 
(.mmm 1 oacxjHiaajss©*-^ > honmictm? 
^^©) j&siKS^'cefiBStirt^. 

[0 1 35] 01 2~01 4£#RSb-C9B6;fr>&<*:5 
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(CJ: 6rKffi£©£t>J*£^©«a<iIAn#^ft-Ct,>£ c 
ffll^CiKiit, 0 1 5tc^$nSJ:^Cc. iNB 

[0136] «Jb©J: #SMBI5««:«fcti«. #Pft 
2 CC ARU 1 ©2Ht©!HS|$ £ & r> tc *) . Wffc 2 ©iHftJC f[ 
ffi#A>*>SJ;5fc-te>1t££i»Ufc9T£C£&<. 
MS58^)lSKg584c^#0/<:fte-fe>t>-2 2, 2 3^. 10 

1 5 . 20, 2 1 £ t,>5 <fc 5 fcJtRW'bSriMI 

2 ©ASM® 8 SOW© 1 OtcfPffl-T h*'; 

m>M*mmkmK&h?i<cmwmf2.£ < n *> c £** 

[0 1 3 7 ] ft. aiBiJilfc^STtt. 
•SCi*5-c#^„ CC-C. -S^tfP^'f h-C«. MSB 

#*»l«*©Wffls©*- y > h £ ntttcjftjg 

©r * * » x- * tc*t -r a MMtaowmtc * o *e» 

[0138] Sfc. «re%tt^ffiK'r«. W<*2©ji!ii!rtK 

S4«i(ftsfc»K, ig|gp±Tfin3i)K-fe>-9-2 i©^m 
fj^. tat eaiHUiUE ttsw^g 27tcj;r>;j?»!>6nsig 

3*ffi«URCfC©HaP3©fll2fl[a.©Jae^|Sl (ZltoF 
ft) ©J&fr©ffi£ffll>&=fc-5K:L.-CfcJa>. 
[0M©ffim^lftBJ] 

[a i ] *&w<Dm&t>mj&3m<Dm*mm.m*mi-t 
s/t#>©0„ 

[02] ^Hj©-nsfe^g|tcii^^,rS0tf^S!)(*<t 40 

LT©Ara«bigAra«:SHB-r*^gfltES4«^bU-c^ 

T0. 
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[0 3] 0 2©^CC<I*&}gifWI&E©i£fig£i&^ 

-rsfctf)©:^ -7 ^0 O 

[04] msomn&wmmommicm^zm&'j^!? 
[0 5 ] M&mmtcwizm&Mmg.^? h >u©jt 
0. 

[0 6 ] M^tTB#&CfcW£J^&#<m£^i' hiU©IS 

a^tsj^^ £ A«©<«£4ft k £ ©*n»i»fc*jn-r« 
0. 

[07 ] \%+mvmttowzmm.j]{'zm&'<>? h^©ji 
^[SifiS^- <bMMEi5©@ttft s £ ©taww^^^-rita 
0. 

;u© Mff #fti$#£ issMgp©® ttft & £ v>mm%*7ji 

[09] |!gSLhOB#CC*iW^,)5i5JS^(m^^ h JUDjt 
tf #ftfi£# £ AIiSg&©fg£4£j R £ ©ffiWWttfcwTtfl 

0. 

j«f #ft £ imuomm s £ ©tBnn n « 
0. 

[011] 03©vH#Mffi«g©MSp*-^> 
[012] **W©3S*t0«KJ:g#»6ftfcil*#tT 

B#©ms*©jft^ffl©igB$^{k©«^*^-r^» 

[013] *^©H«S?f^K:J:»)j}?s!)6n/c|!g®±f9 
B$©J*S*©*^«i©MB#^b©»^?:WI^-r^> ^7 

[014] *»W©3«»BM«c«fc *>#»6ftfcW^:fc5 

±# o B^©*jS^©*^fii©MB#^{t©fii^*w^-r * 

[015] aW6W©^JWe«(c«fc«)*«>e.nfc»HfllS 
0*»Mfi5©*-^> hO^fifCigBS^t©*!^*^ 

[^©sfcW] 

1 - AH ( -temmihW) . 2-W&. 3-K». 4 

-map. 5-h*. 8 •••rage. 9 io-« 
mm. i i-tb». i 2 -amap (i«e»tt> . o- 
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[05] 
FIG. 5 
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[M 1 2 ] 
FIG. 12 




CHI 3 ] 
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[SI 4] 
FIG. 14 
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